The relationships of phytoplankton with physical (temperature, pH), chemical (dissolved oxygen, phosphate, sulphate and nitrate) and biotic (total and fecal coliforms) parameters were analysed for the year September 2007 to August 2008 in a seasonally inundated, isolated wetland -Malwar which is situated between 22° 36'55.78" N and 72°54'58.01" E; about 7 kilometres from Anand, near KanjariBoriyavi railway station, Central Gujarat, India. Phytoplankton species belonged to Cyanophyceae, Chlorophyceae, Bacillariophyceae and Euglenophyceae. Cyanophyceae members accounted for 68% of the total phytoplankton population, followed by Chlorophyceae which accounted for 23% and the rest 9% were the members of Bacillariophyceae and a single species of Euglenophyceae. ANOVA indicated significant variation in phytoplankton species richness between the two study sites (P ≤ 0.001). Significant temporal variation for Cyanophyceae density (P ≤ 0.05) was also recorded. Correlation coefficients (r) among the various hydro-chemical properties and different phytoplankton groups (densities) were calculated (correlation matrix).
INTRODUCTION
Inundated, isolated wetlands are shallow basins that are not connected to streams or lakes, and their hydrology is primarily driven by rainfall and shallow, subsurface, waterflow (Lide et al 1995) . Phytoplanktons are significant fractions of the water ecosystem and their dynamics, species composition and biomass in fresh water are affected by various factors both natural and artificial. In many lakes and reservoirs, the progress of eutrophication has resulted in changes in the species composition and biomass of phytoplankton. Fecal contamination may originate from point or nonpoint sources (Wilhelm and Maluk 1998) .
There are many studies on the dynamics of plankton organisms in reservoirs (Reynolds 1999; Chellappa 2008, Wilk-Wozniak and Zurek, 2006) , their life strategy or relationships between phyto-and zooplankton . The relationships between plankton species and environmental
Phytoplankton
The study of the phytoplankton in Malwar wetland showed 39 species (Table 3 and 4) representing 29 genera. The phytoplankton assemblage was represented by four classes of algae viz. Cyanophyceae, Chlorophyceae, Bacillariophyceae and Euglenophyceae: 20 taxa were Cyanophytes, 10 were Chlorophytes and 9 were diatoms and 1 Euglenophyte. Cyanophyceae members accounted for 68% of the total phytoplankton population, followed by Chlorophyceae which accounted for 23% and the rest 9% were the members of Bacillariophyceae, including a single species of Euglenophyceae. Some species occurred in all the months at both the sites during the sampling period viz. Oscillatoria, Spirulina, Nostoc, Spirogyra, Scendesmus and Mastogloia. The total density of phytoplankton was found highest (121.1 X 10 5 units per litre) during winter months while it was lowest (29.4 X 10 5 units per litre) during monsoon months.
The wetland exhibited the predominance of Cyanophyceae members represented by 20 species belonging to 12 genera. Among the cyanophycean community, species of Oscillatoria, Spirulina and Microcystis were the most abundant. Spirulina princeps was the most abundant with the highest average density (1.735 X 10 5 units per litre) followed by Oscillatoria obscura (1.706 X 10 5 units per litre); the least abundant being Johannesbaptistia pellucida with a density of 0.182 X 10 5 units per litre. These appeared in greater numbers when phosphate, sulphate and nitrate concentrations of waters were comparatively moderate to higher, during winter and summer months. Level of significance: ** = (P ≤ 0.01), * = (P ≤ 0.05), NS = Non-significant (P > 0.05) The class Chlorophyceae was represented by ten species. Mats of Spirogyra spp. was the most abundant with the highest average density (1.823 X 10 5 units per litre) followed by Chlorella spp. (1.706 X 10 5 units per litre). The community of Chlorophyceae was rich during high DO and when phosphate and nitrate were moderate, especially during winter months. The class Bacillariophyceae was represented by the species of Fragillaria, Navicula, Achnanthes, Mastogloia, Cymbella, Gomphonema and Nitzschia. However their community became smaller as the summer progressed at both the sites. Among the members, Cymbella was found to be the most abundant with the maximum average density of 0.685 X 10 5 units per litre; the least abundant being Achnanthes with a density of 0.088 X 10 5 units per litre. The class Euglenophyceae was represented by single species of Euglena which showed presence only in two months, the density being 0.102 X 10 5 units per litre. ANOVA indicated no significant variations for phytoplankton densities (P > 0.05) between the two sites study. However, significant temporal variation for Cyanophyceae density (P ≤ 0.05) was indicated. ANOVA indicated significant variation in phytoplankton species richness between the two study sites (P ≤ 0.001).
The correlation analysis of the important parameters with the phytoplankton densities showed at site 1, a positive correlation of DO with Cyanophyceae (0.79), Chlorophyceae (0.83) and Bacillariophyceae (0.78). Further, sulphate and nitrate also showed a positive correlation with Cyanophyceae (0.76), Chlorophyceae (0.69 & 0.72) and Bacillariophyceae (0.69 & 0.66). Following a similar trend, at site 2 also, DO correlated positively with Cyanophyceae (0.39), Chlorophyceae (0.61) and Bacillariophyceae (0.58). Nitrate also showed a positive correlation with Cyanophyceae (0.76), Chlorophyceae (0.58) and Bacillariophyceae (0.58).
Coliform
Total coliform were found to be least in the post monsoon months with more generalised values when compared with the rest of the months of the year. At site 1, total coliform count ranged from 300 to 900 MPN 100ml -1 whereas fecal coliform varied between 130 to 500 MPN 100ml -1 . At site 2, total coliform count fluctuated as in Site 1 whereas fecal coliform varied between 140 to 500 MPN 100ml -1 . Correlation coefficient analysis revealed a positive correlation of total coliform count with the various chemical characters of the wetland except temperature and phosphate which showed a negative correlation (-0.77 and -0.33 respectively) at site1. Fecal coliform also followed the same trend with negative correlation with temperature (-0.83) and phosphate (-0.60). At site 2, total coliform correlated negatively with temperature (-0.91), pH (-0.60) and phosphate (-0.46) . Fecal coliform at site 2 showed negative correlation with temperature (-0.59), pH (-0.47), DO (-0.07) and phosphate (-0.30) ANOVA indicated insignificant spatial and temporal variation for total coliform as well as for fecal coliform (P > 0.05).
Discussion
The addition of nutrients and changes in water and land use due to agriculture, human settlements, and small industries may induce reversible or irreversible ecological changes in wetlands (Piyankarage et al 2004) . Diversity of plankton population is fairly dependent on quality of water and climatic factors. Phytoplankton diversity and productivity are strongly related to water quality (Moss 1988) as well as to biotic factors (Scheffer 1998) . The non-monsoon months recorded higher phytoplankton densities when compared to the monsoon months as observed from the density values from This collapse of the phytoplankton community in monsoon months can be attributed to a major dilution of the phytoplankton biomass caused by runoff. The average values of the chemical parameters and the algal group densities for the monsoon and the non-monsoon months depicted that sulphate and nitrate seem to be stimulating the growth of the different algal groups as evident from the positive correlation coefficient values from Table 1 and 2 while phosphate seems to limit the growth as depicted from the negative correlation coefficient values for both the sites (Table 1 and 2). Singh (1965) stated that temperature, pH, alkalinity and phosphate have been emphasized to be limiting factors for controlling distribution of Cyanophyceae which also corroborated with the present study. Tripathy and Panday (1990) Rana and Nirmal Kumar (1993) , Hegde and Sujata (1997) and Nirmal Kumar et al (2005) reported that high water temperature, phosphate, nitrate, low DO and CO 2 supported the growth of Chlorophyceae. Patrick (1973) observed that the acidic waters do not support an abundance of Bacillariophyceae, while in alkaline waters with pH above 8.0, their density is more. In the current investigation too, pH was found to be in the neutral range (7.0 -8.0) supporting a good population of the diatoms (Table 3 and 4) . Moreover, DO content was found to be considerably high in colder months. The plankton community, on which the whole aquatic population depends, is largely influenced by interaction of a number of limiting factors like low DO, moderate sulphate, nitrate, phosphate and other characters. Moss (1988) and Rana et al (1995) showed that a number of hydo-chemical and biological factors acting simultaneously must be taken into consideration in understanding the diversity of plankton population. The present study ensures that variation in the abundance of plankton can be best explained when environmental factors along with the limiting factors jointly influence. Total coliforms indicate degree of pollution and their higher density portrays the difference between clean and polluted waters (Rai and Hill 1978) . Clark and Pogel (1977) considered coliforms as a reliable indicator of contamination of water. Fecal coliforms have long been used as indicators of pollution in water (McMath et al 1999; Perkins and Hunter 2000) due to the potential for introduction of pathogens and other pollutants along with these bacteria (Ricca and Cooney 1999) . High levels of nutrients can also increase the growth rate of bacteria. Positive correlation values were observed between nutrients (sulphate and nitrate) and total and coliform count (Table 1 and 2). In the present study too, the highest total and fecal coliform counts were observed in winter months.This could be due to the high oxygen supply to the water column along with moderate nutrients like phosphate, sulphate and nitrate (Syouhei et al 2008) . Further, a higher coliform count confirms various anthropogenic factors, namely, release of human excreta in open spaces, cattle and pet waste in the wetland (Gearheart 1999) in both the sites.
CONCLUSION
The influence of important hydrochemical parameters on phytoplankton composition and coliform count in an isolated, inundated wetland was analysed. The study identified the limiting factors and observed that sulphate and nitrate seem to be stimulating the growth of the different algal groups while phosphate seems to limit the growth. Also, a higher coliform count reconfirms anthropogenic interventions at the wetland.
